Introduction
Stability considerations have been recognized as essential part of power system planning for a very long time. The period of interest is the transient period before a new steady-state condition is reached. Some groups published fundamental papers on the subject in the transaction years ago [1] . Within a few years, stability studies of new generation and transmission facilities had become a routine. Over most of the history of power system growth in the world, acceptable stability performance has been achieved without difficulty. Approximately, within the last three decades, however, changes have occurred which require power system engineers to devote much more of their effort to this problem.
Depending on individual experience and viewpoint, there are no doubt various explanation for the increased concern with stability. The underlying cause, however would appear to be the very extensive interconnection of power systems with great dependence on firm power over ties. This magnifies the undesirable consequences of instability and complicates the analytical processes through which acceptable system behavior is assured. Fortunately, the digital computer has given engineer the ability to predict where complexity would have been too great before planting any power station. The stability problem and its calculations will be the specific example used here. Although, this determination of power stability through MATLAB has stimulated varying degrees of interest over the years, it is currently enjoying new popularity, because not only systems are more massive but also because there is now possibility of obtaining accurate answers to system response [2] . The primary motivation for the use of MATLAB in power system is to obtain the economic benefits of new large-scale generation and transmission facilities. MATLAB can also improve reliability through mutual support on the relaying systems in emergencies.
However, improved reliability is realized only if the bulk transmission system remains intact through such emergencies. If ties between systems are not strong enough to maintain synchronism in the face of disturbances, the system breaks up and the ability to provide support to areas, which become isolated vanishes. Changes in design and operation since the invention of MATLAB assures that widespread failure will not occur again in power system even when there is disturbance surge. Even so, integrity of a bulk transmission and effective operations of power system is of primary importance.
II. Transient Stability
Transient stability analysis is primarily concerned with the effects of transmission-line faults on generator synchronism. During a fault, electrical power from nearby generator is reduced, perhaps drastically, while power from machines somewhat removed from the fault may be scarcely changed. The resultant differences in acceleration produce speed differences over the time interval of the fault, and it is important to clear faults quickly to limit these speed differences and the associated changes in angle differences. Clearing the faults necessarily removes one or more transmission element from services and at least temporarily weakens the transmission system. This change in transmission system also implies that the generator angle differences, which existed prior to the fault no longer, represent equilibrium conditions [6] . Transient stability study is often more than an investigation of whether the synchronous generators, following the occurrence of the disturbance, will remain in synchronism. It can be general-purpose transient analysis, in which the "quality" of the dynamic system behavior is investigated. The transient Period of primary interest is the electromechanical transient, usually lasting up to a few seconds in duration [4] . Such studies, therefore support system-operating functions, and are often conducted by engineers in system operation (operations planning groups). The purpose of the studies can be to check that a given system configuration and/or operating condition meets the reliability criteria, to check (or change) relay settings, and to set the parameters for special stability control devices and check their settings.
The analysis of any power system to determine its transient stability involves some mechanical properties of the machines of the system, for after every disturbance, the machines must adjust the relative angle of their rotor to meet the conditions of power transfer imposed. The problem is mechanical as well as electrical, and certain mechanical principles must be kept clearly in mind when considering the problem
III. Steady State Stability
The is the capability of an electric power system to maintain synchronism between machines within the system and external tie lines following a small slow disturbance (normal load fluctuations, the action of an automatic voltage regulators and turbine governors) [4] . It is the property of the power system to operate in its present state and small slow changes in system loading will produce small change in the operating point. A steady-state unstable system changes will drift off to unsynchronized operation from its operating point when subjected to a slow small increase in load [5] . In case the maximum power transfer exceeds under this condition, individual machines or group of machines will cease to operate in synchronism, violent fluctuation of the voltage will occur and the steady state limit for the system as a whole would have been reached. The steady state limit refers to the maximum flow of power possible through a particular point without the loss of stability when the Transient stability analysis is primarily concerned with the effects of transmission-line faults on generator synchronism. During a fault, electrical power from nearby generator is reduced, perhaps drastically, while power from machines somewhat removed from the fault may be scarcely changed. The resultant differences in acceleration produce speed differences over the time interval of the fault, and it is important to clear faults quickly to limit these speed differences and the associated changes in angle differences. Clearing the faults necessarily removes one or more transmission element from services and at least temporarily weakens the transmission system. This change in transmission system also implies that the generator angle differences, which existed prior to the fault no longer, represent equilibrium conditions [6] . Transient stability study is often more than an investigation of whether the synchronous generators, following the occurrence of the disturbance, will remain in synchronism. It can be general-purpose transient analysis, in which the "quality" of the dynamic system behavior is investigated. The transient Period of primary interest is the electromechanical transient, usually lasting up to a few seconds in duration [4] . Such studies, therefore support system-operating functions, and are often conducted by engineers in system operation (operations planning groups). The purpose of the studies can be to check that a given system configuration and/or operating condition meets the reliability criteria, to check (or change) relay settings, and to set the parameters for special stability control devices and check their settings.
The analysis of any power system to determine its transient stability involves some mechanical properties of the machines of the system, for after every disturbance, the machines must adjust the relative angle of their rotor to meet the conditions of power transfer imposed. The problem is mechanical as well as electrical, and certain mechanical principles must be kept clearly in mind when considering the problem. Usually, transient stability studies are carried out over a relatively short period that will be equal to the time of one swing. Normally, the time will be one second or less. The analysis is carried out to determine whether the system loses stability during first swing or not. In case the power systems remain stable, it is assumed that subsequent swings will diminish and that power system will remain stable as usually happens. However, there is a possibility of power system going unstable in some subsequent swing. For example, negative damping is one cause. Control equipment improperly adjusted or applied can produce negative damping.
In practice, load is not applied gradually and the machine (motor or generator) is not in a position to meet the demand instantly. The limit of the system to meet such load is obviously less than steady-state stability.
As said earlier, the power systems have rotating synchronous machines, in order to know whether the system is stable or not. It is necessary to derive swing equation.
IV. Swing Equation
Let angular displacement 1= 0 radians. In case of where the torque caused by friction, windage and core loss in a machine is disregarded, any difference between the shaft torque and electromagnetic torque developed must cause acceleration or deceleration of the machine. If Ts represents the shaft torque, T e is electromagnetic torque, and if these values of torque are considered positive for a generator (that is, with mechanical input on shaft and electric output torque developed, the torque causing acceleration is T a =T s ─ T e Torque due to rotational losses is assumed negligible in either case during the discussions.
Fig.1: Flow of electrical and mechanical powers in a generator and motor
T a is positive denoting net torque causing acceleration of the rotor and will be positive if Ts > T e . This expression holds true for motor also.
A similar relationship holds well when expressed in terms of power, namely; P a = p s -P e (2.12.2) Where P a is the acceleration power, P s is the shaft power and P e is the electric power developed for the generator. For a motor P e is the negative of the difference between the electric power input and electric losses of the motor, that is P e is negative of the electric power developed. If rotational losses (friction, windage, and core losses including eddy-current losses in the damping winding are considered, P s is the negative of the shaft power output plus rotational losses for a motor, and P s is the shaft power input minus rotational losses for a generator.
V. Dynamic Stability
The stability characteristic of large power systems is too varied to permit a simple classification of behavior, and it is not possible to separate all analyses into simple categories. Nevertheless, the term "transient stability" and "dynamic stability" are widely used to distinguish between two kinds of studies. Dynamic stability studies are usually made to determine the consequences of suddenly having a significant excess of either load or generation in an isolated power system. Such system might be normally isolated and lose load or generation, or it might normally be part of a larger system and becomes separated. Much of the effort devoted in dynamic stability analysis is concentrated on the problem associated with undamped or poorly damped oscillation [7] .
A mechanical rotary system possesses inertia J and a torque M o per radian tending to restore its position when given an angular displacement, has a natural frequency, F o = (1/2π)( m o /J ), and a corresponding natural period to 2π ( m o / J). neglecting damping, effect. A synchronous machine working in parallel with other machines forms such a system. Under steady-state conditions, it rotates at an angular velocity ω 1 =2ΠF/ P corresponding to the number of its pole-pairs and a frequency F of the electrical network; further, it has a constant load angle F between the rotating pole-axis of its stator and rotor. However, if this relative position is disturbed, a synchronizing power flows in the machine to develop a synchronizing restoring torque.
When sufficient time has elapsed at a disturbance, the governors of the prime movers will react to increase or reduce energy input, as may be required, to re-establish a balance between energy input and existing electrical load. This usually occurs in about 1-1.5 seconds after the disturbance. The period between the times the governors begin to react, and the time that steady state equilibrium is re-established is the period when dynamic stability characteristics of a system are effective. It is possible to have transient stable but dynamically unstable conditions. Immediately after a disturbance, the machine rotor will go through the first swing (before the governors action) successfully, and then, after governor control is initiated, the oscillation will start increasing until the machine falls out of synchronism. Such action can occur if the time delay of the governor control are such that, following the sensing of necessity for increasing or reducing energy input, action is delayed sufficiently in time augment rather than diminishing the next swing. If such a condition exists, the oscillations of the machine rotor can continue to build up until the machine falls out of synchronism.
VI.
Methods Of Improving Power System Stability Increasing Of System Voltage Transient stability is improved by raising the system voltage profile (i.e. raising E and V). Increase in system voltage means the higher value of maximum power, P max that can be transferred over the lines. Since shaft power, P s = P max sin δ, therefore, for a given shaft power, initial load angle δ o reduces with the increase in P max and thereby increasing difference between the critical clearing angle and initial loading angle. Thus, machine is allowed to rotate through large angle before it reaches the critical clearing angle, which results in greater critical clearing time and the probability of maintaining stability.
Rapid Reclosure
The great majority of faults on overhead transmission lines are transitory in nature. They disappear if they de-energized for a short while in order to permit the arc to become extinguished. After the arc has become sufficiently demonized, the line may be re-energized and put back into use. Lightening is the most common cause of fault on overhead lines and most faults caused by lighting are transitory. In addition, some faults due to other causes such as swinging wires and temporary contact with foreign objects are transitory. On the other hand, a few faults on overhead lines (for example those caused by broken wires or poles) and all faults on underground cables are permanent. High-speed circuit breakers have been made to restore the system to normal operating conditions once the fault is removed. The modern circuit broken technology has made it possible for line clearing to be done as fast as in 2 cycles. On occurrence of a fault, on a transmission line, the faulted line is de-energized to suppress the arc in fault and the circuit breaker recluses after a suitable time intervals. Automatic reclosing increases the decelerating area A 2 and thus helps in improving stability.
Use Of Quick-Acting Automatic Voltage Regulator
The satisfactory operation of synchronous generators of a complex power system at high power (or load) angles and during transient condition is very much dependent on the source of excitation for the generators and on the automatic voltage regulator. The power output of a generator is proportional to internal voltage E. Under fault conditions, the terminal voltage V faults. A quick-acting voltage regulator causes increase in E so that the terminal voltage V remains constant. A higher value of E means a higher generator output.
It has already been shown that the maximum value of a power angle curve is proportional to the perunit excitation. Field forcing can, therefore cause the machine to operate on a higher power angle curve thereby, allowing it to swing the through a larger angle from its original position before it reaches the critical clearance angle.
Reduction In Transfer Reactance
Transient stability can also be improved by reducing the transfer reactance. The effect of reducing the transfer reactance means increase in P max resulting in increase in transient stability. The line reactance can be reduced by using more lines in parallel instead of a single line. In general, more power is transferred during a fault on one of the lines. If there are two lines in parallel, than would be transferred over a single faulted line. Increasing power transfer means less available accelerating power, because the accelerating power is the difference between power input power transfers. Lower accelerating power reduces the risk of instability.
The use of bundled conductor also helps in reducing line reactance and improves stability.
Turbine Fast Valving
One reason for power instability is the excess energy supplied by the turbine during the disturbance period. Fast valuing is a means of reducing turbine mechanical input power when a limit is under acceleration due to a transmission system fault. This can be initiated by load impedance relays, acceleration transducers or by relays that recognize only severe transmission system fault. For maximum stability gains with fast valuing, the interceptor valves are rapidly shut (in 0.1to 0.2 second) and immediately re-opened. This procedure increases the critical switching time long enough so that in most of the cases, the unit will remain stable for faults with stuck-breaker clearing time. Presently some station in USA, have been to use fast valuing schemes.
2.8.6
High Neutral Grounding Impedance In systems where the stability is of prime importance, high neutral grounding impedance may be used. The grounding is effective only for unbalanced faults. Zero-sequence impedance comes into picture to restrict faults like line-to-ground.
Case Study Simulation Of A Typical Multi -Bus Power System
The classical transient stability study is based on the application of a three -phase fault. A solid threephase fault at bus k in the network results in V k = 0.This is simulated by removing the kth row and column from the prefault bus admittance matrix. The new bus admittance matrix is reduced by eliminating all nodes except the internal generator nodes. The generator excitation voltages during the fault and post-fault nodes are assumed to remain constant. The electrical power of the ith generator in terms of the new reduced bus admittance matrix is obtained from m P ei = Σ |E'i||E'j|Yij|cos (Өij -∂i + ∂j) j = l The swing in question with damping neglected, for machine i becomes
Where Y ij are the elements of the faulted reduced bus admittance matrix, and H i is the inertia constant of machine i expressed on the common MVA based S B . If H Gi is the inertia constant of machine i expressed on the machine rated MVA S Gi , then H i is given by
Showing the electrical power of the ith generator by P e and transforming 3.11 into state variable model yields
We have two state equations for each generator, with initial power angel ∂ 0 , and ΔωO i = 0. The MATLAB function ode23 is employed to solve the above 2m first order differential equations. When the fault if cleared, which may involve the removal of the faulty line, the bust admittance matrix is recomputed to reflect the change in the network. Next, the post-fault electrical power of the ith generator shown by P f i is readily determined. Using the post-fault power P pf i , the simulation is continued to determined the system stability, until the plot reveal a definite trend as to stability or instability. Usually, the slack generator is selected as the reference, and the phase angle difference of all other generators with respect to the reference machine are plotted. Usually, the solution is carried out for two swings to show that the second swing is not greater than the first one. If the angle differences increases indefinitely, the system is unstable. 
VII. Case Study Question

IX. Conclusion
The stability problem is concerned with the behaviour of the synchronous machines after a disturbance. Steady-state stability, transient stability, and dynamic stability conditions studies are needed to ensure that the power system can withstand any of the above conditions following a disturbance. Frequency, transient studies are conducted when new generating and transmitting facilities are planned. The studies are helpful in determining such things as the nature of the relaying system needed, critical clearing time of circuit breakers, voltage level of, and transfer capability between systems.
However, all physical systems are nonlinear to some extent. in order to use the transfer function and lower state equations, the system must first be linearized. Thus, proper assumptions and approximations are made so that a linear mathematical model can characterize the system. The model may be validated by analyzing its performance for realistic input conditions and then by comparing with field test data taken from dynamic system in its operating environment. Further analysis of the simulated model is usually necessary to obtain the model response for different feedback configuration and parameters settings. Once an acceptable controller as been designed and tested on the model, the feedback control strategy is then applied to the actual system. Therefore, the MATLAB program is used with ease to simulate the nonlinear differential equations of the synchronous machines directly in time-domain in matrix form for all modes of operation. Thus, with the aid of MATLAB program, a designer and planner of generating and transmitting power station, sub-station etc. can observe the dynamic response of the synchronous machine during short-circuit and appreciate the significance and consequences of the change of machine parameter. The ultimate objective of MATLAB application in power system analysis is, to develop simple network model of the synchronous generator for power system fault analysis and transient stability conditions. Thus, it aids in determining such things like the nature of relaying system needed, critical clearing time of circuit breakers, voltage level of, and transfer capability between system before planting any power station or substation and in day-to-day running of power stations. This is achieved through simulations and critical observations of the nature of the swing curves.
